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.2013.01.0Abstract A survey of the potentially harmful epiphytic microalgae along the coast of Alexandria
was initiated since 2005 following an incident of mass mortality of the bottom feeding ﬁsh, Siganus
rivulatus in the Eastern Harbour of Alexandria. S. rivulatus is known to feed on macroalgae spe-
cially Ulva sp.
A total number of 132 samples were collected seasonally along Alexandria coast, from spring
2005 to summer 2010. Six cyanobacteria species are recorded; Oscillatoria acutissima, Oscillatoria
nigroviridis, Oscillatoria limosa, Oscillatoria sp., Lyngbya sp. and Planktothrix c.f. agardhii. The
causative organism responsible for the massive ﬁsh mortality is O. acutissima; with a standing crop
reaching 1.07 · 106 ﬁlaments g1 wet wt.
The qualitative observations showed that Oscillatoria spp. seem to prefer green macroalgae as
host to red and brown algae. The correlation between O. acutissima, O. nigroviridis and Ulva
spp. showed to be signiﬁcant (p= 0.002). While, no signiﬁcant correlation was found between
the other four species and the macroalgal species tested. The two species O. acutissima and O. nigro-
viridis as a result, were perennial and widespread during the present study.
In the Egyptian coastal waters earlier dramatic events of harmful algae occurred on several occa-
sions due to planktonic blooms of dinoﬂagellates. It is the ﬁrst time that ﬁsh mortality is observed
due to benthic cyanobacteria particularly O. acutissima. Our current work focuses on the possible
impacts of cyanobacterial species on coastal food webs.
ª 2013 National Institute of Oceanography and Fisheries. Production and hosting by Elsevier B.V. All
rights reserved.nal Institute of Oceanography
g by Elsevier
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01Introduction
Cyanobacteria are a recognised public health hazard, because
most species are able to produce cyanotoxins (Bartram et al.,
1999). Many genera of cyanobacteria are known to produce
a wide variety of toxins. Hepatotoxins are globally the most
prevalent cyanobacterail toxins followed by neurotoxins
(Sivonen and Jones, 1999; Klisch and Haa¨der, 2008). Hepato-
toxins include: (1) microcystins, (2) nodularins and (3) cylin-
drospermopsins. The three most commonly produced typesuction and hosting by Elsevier B.V. All rights reserved.
242 A.A. Ismaelof cyanobacterial neurotoxins are: (1) anatoxin-a, (2) ana-
toxin-a (S) and (3) saxitoxins (O’Neil et al., 2012). Microcys-
tins can be produced by Microcystis spp., Anabaena spp.,
Nostoc spp., Oscillatoria spp. and Planktothrix spp. (Sivonen
and Jones, 1999).
Although most of the documented toxic species are fresh-
water species, they are all halotolerant and can bloom in estu-
aries and saltwater (Vasconcelos, 1995). The monitoring is
usually restricted to freshwater environments, such as lakes
or dams used for water supply. However, cyanobacteria can
represent an environmental hazard in estuaries and coastal
waters (Miguel et al., 2001). Most marine forms (Humm and
Wicks, 1980) grow along the shore as benthic vegetation in
the zone between high and low tide marks.
Among the many forms of harmful microalgae are some
epiphytic dinoﬂagellates, diatoms and cyanophytes. Macroal-
gae (and epiphytic assemblages of harmful species) are eaten
by herbivorous ﬁsh, which then become toxic. Thus, the toxins
are biologically concentrated within food chain (Steidinger and
Baden, 1984). Oscillatoria spp. are known to be potentially
toxic and have also been related to neuromuscular and organ
distress as well as external contact irritation both in fresh water
and marine habitat (Cronberg et al., 2003).
An increase in nutrient inputs (if previously limiting) can
stimulate macroalgal growth, leading to an increase in macro-
algal abundance. Increased nutrient loading (and/or reduced
herbivory) can lead therefore to more substrate for toxigenic
microalgae, exacerbating their impacts (Littler and Littler,
1984).
While harmful cyanobacterial blooms have been reported
in the scientiﬁc literature for more than 130 years, in recent
decades, the incidence and intensity of these blooms, as well
as the economic loss associated with these events has increasedFigure 1 Sampling site (a) Abu Qir rockyin both fresh and marine waters (O’Neil et al., 2012). In Egypt,
cyanobacteria blooms were reported from freshwater and
brackish water environments (Amin, 2001; El-Manawy and
Amin, 2004; Mohammed et al., 2011; Abdel-Fatah, 2010; Nasr
et al., 2012; Zaher, 2012). Little was known about their distri-
bution and blooms in the Egyptian marine environment. In
this study I attempt to survey the potentially epiphytic cyano-
phytes present in the coastal waters of Alexandria to deter-
mine: (1) what species are present and cause massive ﬁsh
mortality. (2) What host preferences are evident and their role
in the distribution and composition of the cyanophytes.
Materials and methods
Study site
Two sites were chosen representing different environments
along Alexandria coast, Abu-Qir beach (A.Q.) and Eastern
Harbour (E.H.) (Fig. 1).
A.Q. site is characterized by exposed rocks extending 100 m
from the coast. At the western edge the substrate consists of
chains of natural rocks surrounded by pools (El-Zayat,
2012). These rocks provide excellent substrata for a rich algal
ﬂora. This particular site is subjected to wave action. Although
the coastal water of A.Q. was affected in the past by domestic
waste water, this site at present is free from any land drainage.
The beach sediment is composed of coarse sand which is sub-
jected to frequent sediment nourishment and inﬁlling using
desert sand (Hamdy, 2008). The Eastern Harbour of Alexan-
dria (E.H.) is a shallow, semi-enclosed embayment covering
an area of about 2.8 km2, located along the central part of
Alexandria (Fig. 1). The southern part of the harbour has been
reinforced by concrete blocks; the northern side is protected byshore line and (b) Eastern Harbour site.
Benthic bloom of cyanobacteria associated with ﬁsh mortality in Alexandria waters 243an artiﬁcial breakwater with two inlets, an eastern and western
inlet. It is bordered to the east by a land projection, El-Silsila,
and to the northwest by a long causeway (El Sayed and Khadr,
1999). The Eastern Harbour has undergone intense eutrophi-
cation in the past decades, resulting from a strong concentra-
tion of human activities in its drainage basin. Consequently,
it exhibits some characteristics typical of an advanced trophic
state; namely, the permanently intense phytoplankton growth
(Ismael et al., 2005; Ismael and Halim, 2007) and the recur-
rence of cyanoprokaryote blooms (El-Zayat, 2012). The bay
has always been the recipient of large volumes of domestic
waste water from several point sources. In 1996–1997, how-
ever, all outfalls but one were closed, the same volume of waste
water now being disposed of through the remaining outfall on
the south-west bay margin (El-Rayis and Hinckely, 1999; El-
Masry, 2012).
Methodology
Samples of macroalgae (about 100 g fresh weight) were col-
lected seasonally from rocks from the two sites, Abu Qir and
Eastern Harbour (Fig. 1), from the period spring 2005 to sum-
mer 2010 yielding a total 132 samples.
All samples were collected via shore from depths between
0.5 m and 1.5 m. Whenever possible, three samples of three dif-
ferent macroalgal species were collected. Macroalgal samples
were carefully picked, placed into plastic bags and ﬁlled to
approximately 100 ml with local seawater. Water samples were
also collected immediately above each sampled macroalgal
stand for salinity determination. Temperature was recorded
in situ by placing thermometer next to each macroalgal stand
during sample collection. Back onshore, salinity was deter-
mined using Salin test HANNA model Hi 98203. The macro-
algae samples were vigorously shaken, removed from the
plastic bags and weighted to determine wet weight (GEOHAB,
2012). The water remaining in the bags was transferred to a
graduated cylinder and the volume was recorded. The water
was mixed to homogenize the sample; sub sample was exam-0
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Figure 2 Seasonal abundance of epiphytic cyanobacteria speciined and counted using an inverted and Olympus Microscopes.
The data were computed as ﬁlaments g1 wet wt algae.
In order to examine the possible relationship between the
benthic cyanobacteria abundance and water temperature and
salinity Pearson correlation test was performed after transfor-
mation to log data +0.1 and standardization. All statistical
tests were conducted using STATISTICA 7.Results
The present survey of the epiphytic cyanobacteria revealed the
dominance of the order Oscillatoriales along the two sites. Six
epiphytic species were identiﬁed and enumerated in the 132
samples examined; Oscillatoria acutissima, Oscillatoria nigro-
viridis, Oscillatoria limosa, Oscillatoria sp., Planktothrix c.f
agardhii and Lyngbya sp. and In addition to one species of or-
der Chroococcales, Merismopedia sp. O. acutissima, O. nigro-
viridis and Planktothrix c.f agardhii are perennial widespread
species, while, O. limosa is restricted to A.Q. coast and Lyn-
gbya sp. to the E.H.
The abundance of the epiphytic Oscillatoriales was different
at both sites. In the E.H. it ranged from 0.012 · 106 (winter
2009) to 4.8 · 106 (spring 2008) ﬁlaments g1 wet wt (Fig. 2).
The trend of abundance showed six peaks of proliferation of
O. acutissima which occurred only during spring for the 6 years
of study. During spring 2005, O. acutissima was practically the
only cyanobacteria species present in the E.H. The abundance
peak (1.07 · 106 ﬁlaments g1 wet wt) in March was entirely
due to the proliferation of this species. The bloom was associ-
ated with dramatic mass mortality of a bottom feeding ﬁsh
Siganus rivulatus.
On the other hand, A.Q. sites showed less abundance of
Oscillatoriales ranging from 0.086 · 106 (winter 2009) to
1.3 · 106 (summer 2007) ﬁlaments g1 wet wt, with 4 small
peaks of O. nigroviridis during summer and autumn (Fig. 2).
The seasonal temperature trend at both sites was similar,
ranging from 16.1 to 30 C (Fig. 3). Salinity was signiﬁcantlyau
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es in the E.H. and A.Q. sites from the period 2005 to 2010.
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Figure 3 Seasonal variation of temperature in A.Q. and E.H. during 2005–2010.
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Figure 4 Seasonal variation of salinity in A.Q. and E.H. during 2005–2010.
244 A.A. Ismaellower in the E.H. than A.Q. site. It ranged from 35 to 38.6 spu
in the E.H. and from 38.1 to 39.01 spu in A.Q. shore (Fig. 4).
Although the bloom of Oscillatoriales occurred during spring
and summer, temperature showed not to be signiﬁcant with
these blooms at both sites. On the other hand, seasonal salinity
showed signiﬁcant correlation with the abundance of Oscilla-
torials (R= 0.126, R2 = 0.016, p< 0.001). The six blooms
of O. acutissima in the E.H. were associated with lower salinity
35.7, 36.6, 37.3, 36.4, 37.3 and 36.5 psu, respectively. While the
blooms of O. nigroviridis in A.Q. were associated with higher
salinity, from 38.3 to 38.6 psu.0
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Figure 5 Abundance of O. acutissima and O. nigroviridis onThe qualitative observations showed that Oscillatoria spp.
seem to prefer green macroalgae as host to red and brown al-
gae. One-way ANOVA showed a signiﬁcance differences in the
abundance of Oscillatoriales and macroalgae (df = 24,
p< 0.05). The correlation showed to be signiﬁcant between
O. acutissima, O. nigroviridis and Ulva spp. (F= 8.29,
R= 0.962, R2 = 0.925, p= 0.002) and between O. acutissima
and Enteromorpha sp. (F= 1.6, R= 0.521, R2 = 0.27,
p= 0.09). No signiﬁcant correlation was found between the
other four species and the macroalgal species tested. Brown
and red algae: Hypnea (F= 1.75, p= 0.24), LaurenciaC
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the different macroalgal hosts during the period of study.
Benthic bloom of cyanobacteria associated with ﬁsh mortality in Alexandria waters 245(F= 1.6, p= 0.68), Jania, Corallina (F= 1.83, p= 0.39) and
Sargassum (F= 2.12, p= 0.28) were a poor host for O. acu-
tissima and O. nigroviridis (Fig. 5).
Discussion
This survey is concerned with the study of the distribution of
order Oscillatoriales in the Egyptian marine environment.
The order Oscillatoriales comprises ﬁlamentous cyanobacteria
that lack true branching and specialized cells, such as hetero-
cysts and akinetes (Rippka et al., 1979). According to Anag-
nostidis and Koma´rek (1988), a new classiﬁcation system
was established for Oscillatoroids using a combination of
available morphological, ultrastructural, biochemical, physio-
logical and ecological characteristics. Their system emphasized
the presence of gas vacuoles as an important diagnostic feature
for the taxonomic characterization of oscillatoroid cyanobac-
teria. As a result, several species of the genus Oscillatoria Vau-
cher ex Gomont possessing gas vacuoles have been elevated to
the new genus Planktothrix Anagostidis & Koma´rek. Accord-
ingly, one genus of non-gas vacuoles (Oscillatoria) with four
species O. acutissima,O. nigroviridis, O. limosa andOscillatoria
sp. were recorded during this study (Fig. 6). In addition, one
species of the genus Planktothrix was reported from the East-
ern Harbour during the present study (Fig. 6). Although, there
is no toxin analysis during the present study, circumstantial
evidence lead to conclude that the mass mortality of S. rivula-
tus in the E.H. may be due to microcystins produced by O. acu-
tissima since it was the only epiphytic cyanobacteria at this site
and that time.
Cyanobacterial blooms have become more intensive world-
wide during the last two decades, due to the increasing anthro-
pogenic inputs of nitrogen and phosphorus to water
environments (Paerl et al., 2001; Khan and Ansari, 2005).Figure 6 Species recorded from the Eastern Harbour and Abu Q
Planktothrix c.f. agardhii, (D) O. acutissima, (E and F) O. limosa, (G a
Harbour (the platform of Oceanography department).Species of some benthic cyanoHAB genera, including Lyn-
gbya and Oscillatoria are well adapted to freshwater or saline
(including hypersaline) conditions (Paerl and Fulton, 2006).
Their proliferations commonly occur at all latitude, but the
composition of species generally differs between these habitats
because of salinity (Paerl, 1988, 1996). Although many eukary-
otic phytoplankton cannot tolerate changes in salinity, a num-
ber of cyanobacterial species have very euryhaline tolerances.
Therefore changes in salinity may affect community composi-
tion as well as potential toxin concentrations and distribution
(Laamanen et al., 2002; Orr et al., 2004; Tonk et al., 2007). In
addition, El-Zayat (2012) during his study of epiphytic harm-
ful Algae along the Eastern Coast of Alexandria, reported that
the blooms of Oscillatoriales were occurred during summer
and autumn at salinity ranged from 37.5 to 39 psu. This was
compatible with the present study, where there is signiﬁcant
correlation between salinity and the abundance of Oscillatoria
spp. The six bloom-forming cyanobacterial species in the East-
ern Harbour of Alexandria are mainly by brackish water spe-
cies O. acutissima which is associated with lower salinity (36.4–
37.7 psu). While, the small blooms of marine O. nigroviridis in
A.Q. area were associated with higher salinity (38.1–39.0 psu).
Turbulence over a range of scales (cellular to ecosystem)
plays an important regulatory role in cyanoHAB bloom
dynamics (Reynolds, 1987; Kononen et al., 1996). CyanoH-
ABs prefer calm, vertically stratiﬁed conditions, given ade-
quate nutrient supplies (Paerl and Millie, 1996). It has been
shown that an increase in surface water temperatures due to
changing global climate could play a role in the proliferation
of cyanobacterial blooms (Paerl and Huisman, 2008; Paul,
2008). Increasing temperature will beneﬁt cyanobacteria, both
directly and indirectly by increasing thermal stratiﬁcation
(Paerl and Huisman, 2008). Although, Shams El Din and Ab-
del Halim, 2008 reported many Oscillatoria spp. during theirir area. (A) Oscillatoria nigroviridis, (B) Oscillatoria spp., (C)
nd H) Lyngba sp. and (I) large mat of O. acutissima in the Eastern
246 A.A. Ismaelstudy, their data cannot be compared with the present study as
they didnot reported any blooms or abundance of the genus.
On the other hand, El-Zayat (2012) reported that the blooms
of Oscillatoriales were associated with increase in temperature
(21.2–30.2 C). This might explain the blooms of both O. acu-
tissima and O. nigroviridis during the present study, which oc-
curred during spring and summer in the E.H. and A.Q. area at
temperature ranged from (20.1 to 29.4 C). Importantly, there
is consensus that harmful algal blooms are complex events,
typically not caused by a single environmental driver but rather
multiple factors occurring simultaneously (Heisler et al., 2008).
During this study, O. acutissima and O. nigroviridis seem to
prefer green macroalgae as host to red and brown algae. They
were signiﬁcantly found more abundantly on Ulva sp. and
Enteromorpha sp. for O. acutissima. This is compatible with
the observation of El-Zayat (2012), where the abundance of
Oscillatoria spp. was most important on Ulva spp. and Enter-
omorpha spp. than Corallina spp., Pterocladia spp. and Jania
spp. He concluded that no macroalgae appeared to be overall
‘‘best’’ or ‘‘worst’’ host, indicating that host speciﬁcity is not
simply a function of surface area, i.e. it is not depend on the
morphology of the algae but may involve speciﬁc requirements
between epiphytic and host either by site or by host. This was
obvious during the present study, where Enteromorpha sp. was
a preferred host for O. acutissima, but a poor host for O.
nigroviridis.Conclusion
In this study, the seasonal ﬂuctuations of cyanobacterial spe-
cies concentrations and occurrence were investigated for the
ﬁrst time in Alexandria marine waters. The microscopic exam-
ination of the samples showed the dominance of order Oscill-
atoriales causing ﬁsh mortality during spring. Although,
cyanobacterial issues in Egyptian marine waters has received
only relatively little attention, occurrence thought to be limited
to coastal lakes and lagoons with no reported association to
anything other than oxygen-related ﬁsh kill. It may be neces-
sary to perform a comprehensive survey of order oscillatoriales
along the Egyptian coasts for toxin analysis and bloom
dynamics.Acknowledgment
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